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What are HNL? ?

ANeutrino oscillations: a4 Had | 1+ atleast 2 massive neutrino states
AProblem: Standard Model predictsll neutrinos (always left-chiral in SM) are
massless New J. Phys6 (2004) 82; arXiv: 2203.08039 [hepph]
Ue4 U1'4
ACan explain masses througheesaw mechanism Ny = HNL
A Mix with LH in new mass eigenstates, HNlvia extended PMN! i» 1eV?
A Genera”y’ B 'rY y B '?'Y 6 ﬁ -Q‘." Fﬂ- normal hierarchy (NH) T inverted hierarchy (IH) 2
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https://iopscience.iop.org/article/10.1088/1367-2630/6/1/082
https://arxiv.org/abs/2203.08039
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The MINERVA detector
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Why HNL?
1. Exposure HNL rates® |Y | so need POT]|
2. Reconstruction resolutions,, Dul Q x p I 1I,, x pl O A+ matching w/ MINOS

3. Background irreducible SMbkgis

i i . , « . « First measurement of coherent

. CC coherent pion production | CC Cohemt:",, 0© JB" 0 ' . caction Adependence!

Ii. mis-) $ 60 A intedactions Alejandro Ramirez ] Iypiial dits canditice I
Delgado, Joint FANNENC

(see e.gJHEFP2022 (2022) 48) Experimentak Rt TN N 0 P IPRRRaZSS e uENNERRRENNEEN!f o (EHr amn) |
Theoretical Physics B T e
Seminar, 10/Jun/2022 | | X
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https://link.springer.com/article/10.1007/JHEP01(2022)048

7TEAO60 OEA CI Al &
A Either detect HNLor update limit plots
A Counting analysis: findexcess over SM background after reduction

A Using cuts on topology and kinematics to reduce backgrounds Interaction  vs - Decay
MOQ A Coherentlike topology: ~ " p THt events in tracker before cuts ' 00" *“ 0o P (O
,pa@ A Trident-like topology:* “ (p Mevents in tracker ' 90 o P (O
QG- JHEP2019 (2019) 119

A Other channels considered but hard to reconstruct sufficiently well in MINERVA
A Can differentiatet from A because of outer calorimetry + MINOS matching NV/AMA 743 (2014) 130-159

A Timing information: Sufficiently slow HNL can appear pasiuMI beam spill
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Recent Fermilab searches
ArgoNEUT Phys. Rev. Leffl27 (2021) 12
MicroBooNE(BNB): Phys. RevD 101 (2020) 5
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https://link.springer.com/article/10.1007/JHEP01(2019)119
https://www.sciencedirect.com/science/article/pii/S0168900214000035
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.121801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001

7TEAO60 OEA CIT Al &®
A Either detect HNL or update limit plots
A Counting analysis: findexcess over SM background after reduction

A Using cuts on topology and kinematics to reduce backgrounds Interaction  vs - Decay
0" A Coherentlike topology: ~* p THtevents in tracker before cuts 80 8 P (O
,ﬁ@ A Trident-like topology:* “ (p Mevents in tracker ' 90 o P (O
Q- JHEP2019 (2019) 119

A Other channels considered but hard to reconstruct sufficiently well in MINERVA
A Can differentiatet from A because of outer calorimetry + MINOS matching nv/W/A 743 (2014) 130-159

A Timing information: Sufficiently slow HNL can appear pasiuMI beam spill
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https://link.springer.com/article/10.1007/JHEP01(2019)119
https://www.sciencedirect.com/science/article/pii/S0168900214000035
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.121801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
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https://arxiv.org/abs/2203.08039v1
https://arxiv.org/abs/2203.08039v1

Muon coupling dominance: U?: Uj:Us = 0:1:0
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https://arxiv.org/abs/2203.08039v1
https://arxiv.org/abs/2203.08039v1

HNL implementation: GENIEv3 ’

A Need to generate HNL events in MINERVA using appropridtagrangian

All flavours, M = 250 MeV/c*2, U(e,u,t)42 = 1e-05, 1e-05, 0.0

A Implementing long-lived HNL module

g1 0—4 g ‘ | | | ‘ ‘ ‘ | | Enlrie: E'A‘IIéESZB
A Major deliverables: :

0.5 GeV /P
o

Phys. RevD 94(2014)9 2" -
1. Flux prediction from NuMI &I O @ O A E G-

~

Depending on HNL parameter space z

'6'10—7E

UNIVERSAL NEUTRINO GENERATOR
& GLOBAL FIT

Project wiki page
Generator fork

and location of detector

1078

2. Decay selection routines with correct event rate:

. . . 109 —;
Generate available final states in map: <Gamma, FS> - :
Using simple phasespace decay & boost to lab frame L BT I R “lﬁélﬂ}l?c‘;”v%‘)
| e
3. D ete Ctor ge Ometry routines . Resi-frame decay energies in channel vmumu atMNHL=250Ma\::‘;<::ies Jr;;:’uag ] Fracticnal decay energies in channel vimumu at MNHL=2SD Me\ni%i::c;;um vm;g;os
Used to update effective POT as: s wwop sioe_owseie| ' Sber_oson
€ E O 0 ) BIY) sk - f
6 A Q(‘D —3 ) zoomi ;
5 p Adp—2—s ) :
0: prod to det entry,/bdet entry to det exit s o ' Re o o' Ab
UNIVERSITY OF v v | | | | (e | | | | | | | | A
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https://github.com/GENIE-MC/Generator/wiki/Heavy-Neutral-Lepton-simulation
https://github.com/kjplows/Generator
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.092005
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Flux prediction

A Using dk2nu files:ignore all neutrino information

A Use parent( hb H°hy )information and £

A Re-calculate parent decay ratesinder pseudounitarity constraint B |7Y | o)
A (i.e. no SMdare made in this simulation)
AReAAT AOI AOA T AOOOETT AT AOcCcU o ERAJd AIGOEIAAD AA
A Boost correction:6 (I p 1T A9
A O (e 6
AO — 0O

A Also add correction due to backwardsemitted HNL reaching detector

|
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All flavours, M = 0 MeV/c*2, U(e, u,t)42 =1e-05, 1e-05, 0.0
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Flux spectra
at MINERVA
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